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,QWURGXFWLRQ

��7KHUPRG\QDPLF� SURSHUWLHV� RI� HOHFWURO\WH� VROXWLRQV� H[SUHVVHG� DV� DSSDUHQW� RU� SDUWLDO

PRODU� TXDQWLWLHV� DUH� XVHIXO� LQ� FKDUDFWHUL]LQJ� VROXWH�VROYHQW� DQG� VROXWH�VROXWH

LQWHUDFWLRQV�� 2QH� DSSURDFK� WRZDUG� D� GHHSHU� XQGHUVWDQGLQJ� RI� LQWHUDFWLRQV� LQ

SRO\HOHFWURO\WH�VROXWLRQV�LV�WR�VWXG\�WKH�PRQRPHU�V\VWHP��,W�LV�UHDVRQDEOH�WR�H[SHFW�WKH

HOHFWURFKHPLFDO�SURSHUWLHV�RI�WKH�VXOSKRQLF�JURXS�LQ�SRO\VW\UHQHVXOIRQDWH�VROXWLRQV�WR�EH

VLPLODU� WR� WKRVH� LQ� ORZ�PROHFXODU�DQDORJXHV�� L�H��YDULRXV� VXEVWLWXWHG�EHQ]HQHVXOSKRQLF

DFLGV�DQG�WKHLU�VDOWV�>�@��6WXG\�RI� WKH�PRQRPHU�V\VWHP�LV��PRUHRYHU�� IDFLOLWDWHG�E\� WKH

IDFW�WKDW�DFFXUDWH�WKHRULHV�DUH�DYDLODEOH�IRU�WKH�DQDO\VLV�RI�H[SHULPHQWDO�GDWD�RQ�VROXWLRQV

RI�VLPSOH�HOHFWURO\WH�

��7KH�H[FHVV�WKHUPRG\QDPLF�SURSHUWLHV�RI�HOHFWURO\WH�VROXWLRQV��L�H��RVPRWLF�FRHIILFLHQWV�

KHDWV�RI�GLOXWLRQ��RU�YROXPH�FKDQJHV�RQ�GLOXWLRQ��DUH�GHWHUPLQHG�E\�WKH�LRQ�LRQ�DQG�LRQ�

VROYHQW� LQWHUDFWLRQV�� $GGLWLRQDO� LQIRUPDWLRQ� DERXW� LQWHUDFWLRQV� LQ� VROXWLRQ� PD\� EH

REWDLQHG� E\� VWXG\LQJ� WKH� V\VWHP� DW� YDULRXV� WHPSHUDWXUHV� VLQFH� GLIIHUHQW� LQWHUDFWLRQ

SRWHQWLDOV�KDYH�GLIIHUHQW� WHPSHUDWXUH�GHSHQGHQFLHV� >�@��5HFHQWO\�� WKH�KHDWV�RI�GLOXWLRQ

�D+'��F�������PROH�GP����DW�YDULRXV�WHPSHUDWXUHV�KDYH�EHHQ�PHDVXUHG�>�@�IRU�DTXHRXV

VROXWLRQV�RI�WKH�DONDOLQH�VDOWV�RI�S�WROXHQHVXOSKRQLF�DFLG��,Q�WKH�DQRWKHU�SXEOLFDWLRQ�>�@�

D� SUHOLPLQDU\� WKHRUHWLFDO� DQDO\VLV� RI� WKH� RVPRWLF� FRHIILFLHQWV�� KHDWV� RI� GLOXWLRQ� DQG

YROXPH� FKDQJHV� RQ� GLOXWLRQ� EDVHG� RQ� )ULHGPDQ
V� WKHRU\� >�@� ZDV� SUHVHQWHG�

8QIRUWXQDWHO\�� H[FHSW� IRU� WKH� RVPRWLF� FRHIILFLHQWV� DQG� KHDWV� RI� GLOXWLRQ�� D� FRPSOHWH

LQYHVWLJDWLRQ� RI� WKH� FRQFHQWUDWLRQ� GHSHQGHQFH� RI� RWKHU� SURSHUWLHV� RI� WKH� DONDOL� S�

WROXHQHVXOSKRQDWHV�LV�ODFNLQJ��,Q�WKH�OLWHUDWXUH�ZH�IRXQG�WKH�SDUWLDO�PRODU�YROXPH�GDWD

RI�S�WROXHQHVXOSKRQLF�DFLG�DQG�LWV�VRGLXP�VDOW�IRU�WKH�WHPSHUDWXUH�RI����2&�>�@��EXW�QR

PHDVXUHPHQWV� IRU� RWKHU� WHPSHUDWXUHV� ZHUH� SUHVHQWHG� VR� IDU�� 6LQFH� WKH� FRQFHQWUDWLRQ

GHSHQGHQFH�RI� WKH� DSSDUHQW�RU�SDUWLDO�PRODU�YROXPH�RYHU� D� VXIILFLHQWO\�ZLGH� UDQJH� RI

WHPSHUDWXUH� LV� QHHGHG� WR� YHULI\� WKH� WKHRUHWLFDO� PRGHOV� RI� � HOHFWURO\WH� VROXWLRQ�� ZH

PHDVXUHG�WKH�GHQVLWLHV�RI�/L��1D��.��5E�DQG�&V�VDOWV�RI�S�WROXHQHVXOSKRQLF�DFLG�LQ�ZDWHU

DW� ��� ���� ���� DQG� ��� 2&�� )URP� WKH� FRQFHQWUDWLRQ� GHSHQGHQFH� RI� WKH� DSSDUHQW� PRODO

YROXPHV� DQG� ZLWK� WKH� XVH� RI� WKH� 5HGOLFK�0H\HU� HTXDWLRQ� >�@�� WKH� DSSDUHQW� PRODO

YROXPHV�DW� LQILQLWH�GLOXWLRQ�DQG� WKH�SDUDPHWHU�E9�ZHUH�GHWHUPLQHG��7KH�GLIIHUHQFHV� LQ

YDOXHV� RI� WKHVH� TXDQWLWLHV� EHWZHHQ� YDULRXV� VDOWV� ZHUH� LQWHUSUHWHG� ZLWK� UHVSHFW� WR
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VWUXFWXUDO�LQWHUDFWLRQV>����@��1RWH�WKDW�H[WHQVLYH�UHYLHZV�RI�WKH�YROXPHWULF�SURSHUWLHV�RI

HOHFWURO\WH�VROXWLRQV�KDYH�EHHQ�SXEOLVKHG�E\�0LOOHUR�>�����@�

([SHULPHQWDO

��7ROXHQH���VXOSKRQLF� DFLG� PRQRK\GUDWH� �RU� S�WROXHQHVXOSKRQLF� DFLG� PRQRK\GUDWH�

DEEUHYLDWHG�WR�+76�+�2��0HUFN������ZDV�XVHG�DV�D�VWDUWLQJ�PDWHULDO�IRU�SUHSDUDWLRQ�RI

DONDOLQH� �/L�� 1D�� .�� 5E�� &V�� S�WROXHQHVXOSKRQDWHV� �76��� $OO� VDOWV� ZHUH� SUHSDUHG� E\

QHXWUDOL]DWLRQ� RI� DQ� DFLG� VROXWLRQ� E\� WKH� FRUUHVSRQGLQJ�PHWDO� K\GUR[LGH� RU� FDUERQDWH

XQWLO� D�S+�RI� DERXW���ZDV�REWDLQHG��7KH� FRQFHQWUDWLRQ�RI� WKH� DFLG� VWRFN� VROXWLRQ�ZDV

GHWHUPLQHG�E\�SRWHQWLRPHWULF� WLWUDWLRQ��ZKLOH� WKH�FRQFHQWUDWLRQV�RI�VWRFN�VDOW� VROXWLRQV

ZHUH�PHDVXUHG�VSHFWURSKRWRPHWULFDOO\��,Q�DOO� WKH�H[SHULPHQWV�ZDWHU�GRXEO\�GLVWLOOHG�LQ

TXDUW]�ZDV�XVHG�

��7KH�GHQVLWLHV�RI�VROXWLRQ�G�ZHUH�PHDVXUHG�DW�D�JLYHQ�WHPSHUDWXUH�XVLQJ�D�3DDU�GLJLWDO

SUHFLVLRQ�GHQVLW\�PHWHU��0RGHO�'0$������ZLWK�D�UHSURGXFLELOLW\�RI������J�FP����$ERXW

���PHDVXUHPHQWV�DW�HDFK�FRQFHQWUDWLRQ�ZHUH�FDUULHG�RXW�IRU�HDFK�VROXWLRQ��&DOLEUDWLRQV

DW�HDFK� WHPSHUDWXUH�ZHUH�PDGH�ZLWK�SXUH�ZDWHU� >��@��DQG�ZLWK�GU\�DLU� DW� OHDVW� WZLFH�D

GD\��7KH�WHPSHUDWXUH�RI�WKH�FHOO�FRPSDUWPHQW�ZDV�FRQWUROOHG�WR�������2&�XVLQJ�D�+HWR

FLUFXODWLQJ�WKHUPRVWDW��7KH�WHPSHUDWXUH�ZDV�PHDVXUHG�LQ�D�ZDWHU�EDWK�ZLWK�D�SODWLQXP

UHVLVWDQFH� WKHUPRPHWHU� �'HJXVD�3W������ DQG�D� WKHUPLVWRU� LQVHUWHG� LQWR� WKH� FHOO� RI� WKH

GHQVLW\�PHWHU��7KH�ZDWHU�EDWK� DQG� WKH� GHQVLW\�PHWHU�ZHUH� ORFDWHG� VR� WKDW� D� VWUHDP�RI

ZDWHU�DW�FRQVWDQW�WHPSHUDWXUH�WUDYHOOHG�EHWZHHQ�WKHP�

��7KH�DSSDUHQW�PRODU�YROXPHV�9�F�ZHUH�FDOFXODWHG�IURP�WKH�GHQVLWLHV�G�XVLQJ�>��@
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ZKHUH�G� �� LV� WKH� GHQVLW\� RI� SXUH�ZDWHU��P� WKH�PRODOLW\� DQG�0� WKH�PRODU�PDVV� RI� WKH

VROXWH�

7KH� H[SHULPHQWDO� HUURU� LQ� 9�F�� ZKLFK� VWHPV� IURP� XQFHUWDLQWLHV� LQ� WKH� GHQVLW\

PHDVXUHPHQWV�� H[FHHGV� WKDW� IURP� WKH� XQFHUWDLQWLHV� LQ� FRQFHQWUDWLRQ�� 7KH� HUURU� ZDV
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HVWLPDWHG� WR� EH� ���� �� FP��PRO��� DW� WKH� ORZHVW�PHDVXUHG� FRQFHQWUDWLRQ� DQG� GHFUHDVHV

ZLWK��LQFUHDVLQJ�FRQFHQWUDWLRQ�

5HVXOWV

��([SHULPHQWDOO\� REWDLQHG� GHQVLWLHV� DUH� JLYHQ� LQ� 7DEOH� ,� IRU� HDFK� RI� WKH� VDOWV� DQG� WKH

DFLG�� DV� D� IXQFWLRQ� RI�PRODOLW\� DQG� WHPSHUDWXUH�� 7DEOH� ,� DOVR� OLVWV� WKH� DSSDUHQW�PRODU

YROXPHV�FDOFXODWHG�E\�(TXDWLRQ�����

7$%/(� ,�� � 'HQVLWLHV� DQG� $SSDUHQW� 0RODU� 9ROXPHV� RI� $TXHRXV� $ONDOLQH� S�
7ROXHQHVXOSKRQDWH�6ROXWLRQV�DV�D�)XQFWLRQ�RI�&RQFHQWUDWLRQ�DW�9DULRXV�7HPSHUDWXUHV�
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ZKHUH�69��LQ�GP
����FP��PRO������LV�WKH�'HE\H�+�FNHO�OLPLWLQJ�VORSH��ZKLFK�IRU�����W\SH
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�DQG�E9��LQ�FP
��GP��PRO����LV�WKH�HPSLULFDO�GHYLDWLRQ�FRQVWDQW��7KH�H[SHULPHQWDO�UHVXOWV

IRU�/L76�DQG�.76�DUH�DOVR�VKRZQ�JUDSKLFDOO\� LQ�)LJXUHV���DQG����7KH�DSSDUHQW�PRODU

YROXPHV�RI�DONDOLQH�S�WROXHQHVXOSKRQDWHV�DW�LQILQLWH�GLOXWLRQ�DQG�WKH�GHYLDWLRQ�FRQVWDQWV

E9�DW�YDULRXV�WHPSHUDWXUHV�DUH�FROOHFWHG�LQ�7DEOH�,,��7KH�SRVVLEOH�H[SHULPHQWDO�HUURUV�DUH

JLYHQ�LQ�SDUHQWKHVHV�
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)LJXUH�����3ORW�RI�9�F���69¢`F���YV��PRODULW\�IRU�/L76�LQ�ZDWHU�DW�YDULRXV�WHPSHUDWXUHV��69
IURP�(TXDWLRQ�����
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)LJXUH�����3ORW�RI�9�F���69`¢`F���YV��PRODULW\�IRU�.76�LQ�ZDWHU�DW�YDULRXV�WHPSHUDWXUHV�
69�IURP�(TXDWLRQ�����

7$%/(� ,,�� $SSDUHQW� 0RODU� 9ROXPHV� RI� $ONDOLQH� S�7ROXHQHVXOSKRQDWHV� DW� ,QILQLWH
'LOXWLRQ�DQG�WKH�'HYLDWLRQ�&RQVWDQW�E9�DW�9DULRXV�7HPSHUDWXUHV�
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'LVFXVVLRQ

��7KH�DSSDUHQW�PRODU�YROXPHV�SUHVHQWHG�LQ�WKLV�ZRUN�FDQQRW�EH�FRPSDUHG�GLUHFWO\�ZLWK

OLWHUDWXUH�YDOXHV� VLQFH�� WR� RXU� NQRZOHGJH�� QR� VXFK� GDWD�ZHUH� SXEOLVKHG�� ,W� LV� SRVVLEOH�

KRZHYHU��WR�PDNH�VRPH�FRPSDULVRQ�RI�WKH�WHPSHUDWXUH�GHSHQGHQFH�RI�9�F
��ZLWK�WKRVH

VROXWHV�IRU�ZKLFK�GDWD�DUH�DYDLODEOH��7R�WHVW�WKH�FRQVLVWHQF\�RI�WKH�H[SHULPHQWDO�UHVXOWV�

WKH�DGGLWLYLW\�RI�WKH�DSSDUHQW�PRODU�YROXPHV�DW�LQILQLWH�GLOXWLRQ�DW����2&�ZDV�H[DPLQHG�

7KH�GLIIHUHQFHV�EHWZHHQ�WKH�SDUDPHWHUV�9�F
���D�DUH�JLYHQ�LQ�7DEOH�,,,��2QH�FDQ�QRWLFH

WKDW� WKH� GLIIHUHQFHV� D� IRU� DONDOLQH� S�WROXHQHVXOSKRQDWHV� DUH� YHU\� FORVH� WR� WKRVH� IRU

DONDOLQH� FKORULGHV�� 7KH� GLVFUHSDQFLHV� OLH� ZLWKLQ� WKH� H[SHULPHQWDO� HUURU� RI� WKH

GHWHUPLQDWLRQ�RI�9�F
���7KLV� UHVXOW� LV�QRW�XQH[SHFWHG�VLQFH�DW� WKH� LQILQLWH�GLOXWLRQ� OLPLW

WKH�LRQ�LRQ�LQWHUDFWLRQV�YDQLVK�DQG�WKH�9�F
��YDOXHV�UHSUHVHQW�RQO\�LRQ�ZDWHU�LQWHUDFWLRQV�
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,Q�WKH�FDVH�RI�FRPSOHWH�GLVVRFLDWLRQ�WKH�D�YDOXHV�GHSHQG�RQO\�RQ�WKH�GLIIHUHQFH�E\�ZKLFK

GLIIHUHQW�LRQV�DIIHFW�WKH�VWUXFWXUH�RI�ZDWHU�

7DEOH� ,,,�� 'LIIHUHQFHV��D�� RI� WKH�9�F
�� 9DOXHV� IRU� $ONDOLQH� &KORULGHV� DQG� $ONDOLQH� S�

7ROXHQHVXOSKRQDWHV�DW����2&�
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��7R� H[DPLQH� WKH� HIIHFW� RI� WHPSHUDWXUH� RQ�9�F
�� IRU� DONDOLQH� S�WROXHQHVXOSKRQDWHV�� WKH

UHVXOWV� IRU� 9�F
�� ZHUH� H[SUHVVHG� DV� D� SRO\QRPLDO� IXQFWLRQ� RI� WHPSHUDWXUH� DQG� WKH

SRO\QRPLDO�ZDV�WKHQ�GLIIHUHQWLDWHG�ZLWK�UHVSHFW�WR�WHPSHUDWXUH��7KLV�ZD\�D�IXQFWLRQ�ZDV

REWDLQHG�ZKLFK�DOORZHG�FDOFXODWLRQ�RI�WKH�DSSDUHQW�PRODU�H[SDQVLELOLW\�RI�WKH�VROXWH�DW

WKH�LQILQLWH�GLOXWLRQ�OLPLW�>��@��
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)LJXUH� �� VKRZV� (�F
�� IRU� /L� DQG� .� S�WROXHQHVXOSKRQDWH� VROXWLRQV� DV� D� IXQFWLRQ� RI

WHPSHUDWXUH�� � (�F
�� � YDOXHV� IRU� /L&O� DQG� .&O� >��@� DUH� LQFOXGHG� LQ� )LJXUH� �� IRU

FRPSDULVRQ�� 7KH� FRQFOXVLRQ� LV� WKDW� WKH� YDOXHV� RI�(�F
�� IRU� DONDOLQH� S�WROXHQHVXOIRQDWH

VROXWLRQV� GHFUHDVH� ZLWK� LQFUHDVLQJ� WHPSHUDWXUH�� DV� LQ� WKH� FDVH� RI� RWKHU� VLPSOH

HOHFWURO\WHV�
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)LJXUH� ��� 3DUWLDO�PRODU� H[SDQVLELOLW\� RI� DTXHRXV�/L76��.76��/L&O� DQG�.&O� DW� LQILQLWH
GLOXWLRQ�DV�D�IXQFWLRQ�RI�WHPSHUDWXUH�

��7KHUH�DUH��KRZHYHU��GLIIHUHQFHV�LQ�WKH�PDJQLWXGH�RI�(�F
��DQG�LQ�WKH�VKDSH�RI�WKH�FXUYH�

,W�VHHPV�UHDVRQDEOH�WR�DWWULEXWH�WKLV�HIIHFW�WR�WKH�LQIOXHQFH�RI�WKH�ODUJH�DURPDWLF�DQLRQ�RQ

WKH� VWUXFWXUH� RI�ZDWHU�� �6HH� DOVR�)LJXUH� ����+HSOHU� >��@� KDV� SRLQWHG� RXW� WKDW� IURP� WKH

WKHUPRG\QDPLF�UHODWLRQ
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ZKHUH�`&3
��LV�WKH�SDUWLDO�PRODU�KHDW�FDSDFLW\�DW�LQILQLWH�GLOXWLRQ��RQH�FDQ�GLVFHUQ�WKH�W\SH

RI�HIIHFW��$�SRVLWLYH�YDOXH�RI�
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��LV�HYLGHQFH�RI�WKH

VWUXFWXUH�EUHDNLQJ�HIIHFW�RI�WKH�VROXWH��,W�VHHPV�WKHQ�UHDVRQDEOH�WR�UHJDUG�WKH�LRQ�RI�WKH

DURPDWLF�HOHFWURO\WH��FI��)LJXUH����DV�KDYLQJ�D�GXDO�FKDUDFWHU��LW�KDV�D��VWUXFWXUH�PDNLQJ�

HIIHFW�RQ�ZDWHU�RQ�WKH�DURPDWLF�VLGH�DQG�D��VWUXFWXUH�EUHDNLQJ��HIIHFW�RQ�WKH�VLGH�RI�WKH

VXOSKRQLF�JURXS��7KH�IRUPHU�HIIHFW�H[SDQGV��DQG�WKH�ODWWHU�GLPLQLVKHV�WKH�DSSDUHQW�VL]H
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RI� � DQ� LRQ�� %RWK� W\SHV� RI� HIIHFW� DUH� WHPSHUDWXUH� GHSHQGHQW�� $W� KLJKHU� WHPSHUDWXUHV

HOHFWURVWULFWLRQ�EHFRPHV�PRUH�LPSRUWDQW�OHDGLQJ�WR�D�UHGXFWLRQ�RI��VL]H��>��@�

)LJXUH�����7KH�VWUXFWXUH�RI�S�WROXHQHVXOSKRQLF�DFLG�

��7KH�YDOXHV�REWDLQHG�IRU�E9��LQ�(TXDWLRQ�����DUH�WDEXODWHG�LQ�7DEOH�,,���6LQFH�WKHUH�LV�QR

WKHRU\�WKDW�FRYHUV�WKLV�HPSLULFDO�WHUP�LW� LV�QRW�NQRZQ�ZKDW�VLJQLILFDQFH�WR�DWWDFK�WR�LW�

DOWKRXJK� LW� SUREDEO\� KDV� WR� GR� SULPDULO\�ZLWK� VROXWH�VROXWH� LQWHUDFWLRQV��2QH� FDQ� VHH�

KRZHYHU�� WKDW�E9� LV� SRVLWLYH� DW� ORZHU� WHPSHUDWXUHV� DQG� EHFRPHV� OHVV� SRVLWLYH� RU�PRUH

QHJDWLYH�� DV� WKH� WHPSHUDWXUH� ULVHV�� 7KLV� EHKDYLRXU� LV� FRQVLVWHQW� ZLWK� WKDW� IRXQG� E\

+HOJHVRQ�DQG�.LUNKDP�>��@�IRU�VHYHUDO��LQRUJDQLF�VDOWV��DQG�UHFHQWO\�DOVR�E\�6WURQJ�HW

DO��>��@�IRU�VRPH�PHWK\O�VXEVWLWXWHG�EHQ]RLF�DFLGV�DQG�WKHLU�VRGLXP�VDOWV�

��)LQDOO\��LW�VKRXOG�EH�PHQWLRQHG�WKDW�GLUHFW�FRPSDULVRQ�RI�WKH�DSSDUHQW�PRODO�YROXPHV

RI�SRO\HOHFWURO\WHV�ZLWK� WKRVH�RI�PRGHO� HOHFWURO\WHV� LV� QRW� SRVVLEOH�� âNHUMDQF� >��@� KDV

GHPRQVWUDWHG� H[SHULPHQWDOO\� DQG� WKHRUHWLFDOO\� D� VKDUS� IDOO� RI� 9�F� ZLWK� GHFUHDVLQJ

SRO\HOHFWURO\WH�FRQFHQWUDWLRQ��7KHVH�UHVXOWV�OHDG�WR�WKH�FRQFOXVLRQ�WKDW�9�F�GDWD�REWDLQHG

E\�OLQHDU�H[WUDSRODWLRQ�RI�9�F� WR�]HUR�FRQFHQWUDWLRQ�>�����@�VKRXOG�EH�DFFHSWHG�ZLWK�D

JUHDW�GHDO�RI�FDXWLRQ��)XUWKHUPRUH�� WKH�DSSDUHQW�PRODU�YROXPHV�RI�SRO\HOHFWURO\WHV�DUH

QRW�DGGLWLYH��WKH�UHDVRQ�EHLQJ�WKH��VR�FDOOHG��VLWH�ELQGLQJ�RI�FRXQWHULRQV�>��@�



���

$FNQRZOHGJPHQWV��7KLV�ZRUN�ZDV�VXSSRUWHG�E\�WKH�6ORYHQLDQ�0LQLVWU\�RI�6FLHQFH�DQG
7HFKQRORJ\�� 7KH� DXWKRUV� WKDQN� 3URIHVVRU� 9�� 9ODFK\� IRU� FULWLFDO� UHDGLQJ� RI� WKH
PDQXVFULSW�DQG�0U��7��=XSDþLþ�QIRU�KLV�H[FHOOHQW�WHFKQLFDO�DVVLVWDQFH�

5HIHUHQFHV
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>��@�+��&��+HOJHVRQ�DQG�'��+��.LUNKDP��$P��-��6FL�����������������
>��@�/��(��6WURQJ��0�%RZH���-��:KLWH��DQG�.��$EL�6HODK��-��6ROXWLRQ�&KHP������������
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>��@�-��âNHUMDQF��-��3K\V��&KHP������������������
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3RY]HWHN

��,]PHULOL� VPR� JRVWRWH� UD]WRSLQ� DONDOLMVNLK� VROL� S�WROXHQVXOIRQVNH� NLVOLQH� SUL
WHPSHUDWXUDK�����������LQ����R&�LQ�Y�NRQFHQWUDFLMVNHP�REPRþMX�RG������GR���PRO�NJ���
,]� GREOMHQLK� SRGDWNRY� VPR� L]UDþXQDOL� QDYLGH]QH� PROVNH� YROXPQH� 9�F� �� =� XSRUDER
5HGOLFK�0H\HUMHYH� HQDþEH� VPR� GRORþLOL� QDYLGH]QH� PROVNH� YROXPQH� SUL� QHVNRQþQHP
UD]UHGþHQMX� 9�F

R� LQ� GHYLDFLMVNH� SDUDPHWUH� E9�� 8JRWRYLOL� VPR�� GD� YHOMD� SUDYLOR� R
DGLWLYQRVWL� QDYLGH]QLK� � LRQVNLK� YROXPQRY� SUL� WHPSHUDWXUL� ��� 2&�� 9UHGQRVWL� 9�F

R

QDUDãþDMR��YUHGQRVWL�SDUDPHWURY�E9���SD�SDGDMR�]�QDUDãþDMRþR�WHPSHUDWXUR��7HPSHUDWXUQD
RGYLVQRVW� YROXPVNLK� ODVWQRVWL� UD]WRSLQ� DONDOLMVNLK� S�WROXHQVXOIRQDWRY� MH� SRGREQD
WHPSHUDWXUQL�RGYLVQRVWL�DONDOLMVNLK�NORULGRY�


